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Reply to Office Action of January 5, 

pcBHAPKfi/ ARGUMENTS 

Reconsideration is respectfully requested. 

Claims 1. 4, 6-7. and 9 are pending in the present application befo e this 
amendment. By the present amendment. Calm 4 has been canceled without 
prejudice, and Claim 1 has been amended. No new matter has been add,d. 

Claims 1, 4, 6, and 9 stand rejected under 35 U.S.C. 5 103(a) as .eing 
obvious over JP01 -1 69749 (Takakubo et aL). 

Claims 1 , 4, 6, 7, and 9 are rejected under 35 U.S.C. « 103(a) as being 

, „i 1 1 e PsiTfint No S 01 3,635 (Okfawajst 
obvious over Takakubo et al. in view of U.S. Patent No. a.u o, 

aU. 

In response. Claim 1 has been amended to incorporate the limitati >ns of 
Claim 4. i.e., the hydrogenated amorphous carbon contains 5 to 60 atonic 

percent hydrogen, therein. 

The properties of amorphous carbon films formed by PACVD techniques 
vary considerably with the conditions of the plasma deposition (see the enclosed 
T ah.e 1 1- Robertson , "Amorphous Carbon", Advances In Physics, 198B, Vol. 
35, No. 4, 317-374, and Table 1, B. Dischler, at a|„ "Infrared and R*m.in 
Analysis of Hydrogenated Amorphous Carbon Rims...", ISPC^7 Eindhoven, 
1985, paper number A-1-4, pages 45-52). The plasma deposition concitions 
(for example, 50-200 milli-Torrs, 250-550 volts) are relatively different from 
those (30 milli-Torrs, RF 100W) of Jakakubo JP 01-169749, which results in a 
- difference in the properties of the amorphous carbon film. Note that the 
properties of the amorphous carbon film of the presently claimed invention 
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permit absorption of the energy of the laser beam having a wavelength ranging 
from 300 to 900nm, which results in evolution of hydrogen gas in the 
amorphous carbon film, and that not all of the amorphous carbon films c,n 
absorb the energy of the laser beam in that wavelength range. In additio the 
amorphous carbon film of this invention contains 5 to 60 atomic percent 
hydrogen, which is not disclosed in the cited Takakubo et al . reference. 

Also enclosed are two more references, Tsai et al. . Critical Review , 
"Characterization of diamond-like carbon films...", J. Vac. Sci. Technol. A 5 (6), 
Nov/Dec 1987, and H. Shimizu et aK . "Microstructures of Hydrogenated 
Amorphous Carbon Films...", J- of Non-Crystalline So.id* 114 (1989) 196-198, 
which Applicants submit to the USPTO for showing the difference between 
presently claimed invention and the cited Takakubo at al . reference. 

Further to our above Remarks/Arguments with respect- to the difference in 
the Plasma deposition conditions between the presently claimed invention and 
the T^kakuboet^l. reference. Applicants note that the amorphous carbon film 
of Takakubo et al . reference is an i-carbon film, i.e., a diamond-like carton film 
( Tsai et al. on page 3288. left column, last line 4), which contains very few 
hydrogen atoms . Takakubo et al . the abstract; TsaieLaK , page 3290, 1 3 ft 
. column, lines 1-7, and page 3291. the last deposition system listed in " able II). 
Note that diamond is free of hydrogen, which explains why the diamond-like 
amorphous carbon film contains very few hydrogen atoms. Unlike the cited 
Takakubo et al . reference, the hydrogenated amorphous carbon film of the 
presently claimed invention contains a relatively large amount of hydrogen 
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atoms, which consist of C-H bonds, is not an i-carbon or a diamond-like 
amorphous carbon film, and permits evolution of hydrogen gas therein when 
heated to about 350°C by a laser beam with a wavelength ranging from ;:00 to 
900 nm. 

The Takakubo et al . reference employs a relatively large amount ol 
hydrogen gas in the deposition system, which is a technique well known in the 
art for forming diamond-like amorphous carbon films. In CHa + H 2 plasma 
deposition system (see Jsai, P«ge 3291, the last deposition system list*! in 
Table II; and Shimizu et al. , page 198, left column, lines 6-9), hydrogen -adicals 
selectively and actively attack C-H bonds to extract and to strip off the 
hydrogen atoms from the C-H bonds during deposition so as to permit 
accumulation of C-C bonds on the substrate, which results in formation of a 
diamond-like amorphous carbon film on the substrate. 

The deposition system and conditions of the presently claimed indention 
are different from those of the Takakubo et al. reference, and the hydrogen 
atomic concentration as recited in the proposed amended claim 1 is not 
disclosed in the Takakubo et al . reference. 

Accordingly, it is respectfully submitted that Claim 1 , as amended, is not 
taught or suggested by either Takakubo et al. or Ohkawa et aL , whether they 
are considered individually or taken together. 

For the reasons set forth above, Applicants respectfully submit fat 
Claims 1, 6-7, and 9, now pending in this application, are in condition or 
allowance over the cited references. This amendment is considered to be 
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responsive to all points raised in the Office Action. Accordingly, Applicarts 
respectfully request reconsideration and withdrawal of the outstanding 
rejections and earnestly solicit an indication of allowable subject matter. Shou 
the Examiner have any remaining questions or concerns, the Examiner is 
encouraged to contact the undersigned attorney by telephone to expeditiously 



resolve such concerns. 



Respectfully submitted, 



Dated: July 6, 2004 




Ladas & Parry 
224 South Michigan Avenue 
Chicago, Illinois 60604 
(312) 427-1300 
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Tublc I «ive* vujaes of some or the key properties tor diamond, graphite and four 
forms of disordered ^rboa. Diamond consist* of sp 5 sires. The saturated bondirg 
produces the wide 3-SeV band sap and low cunductiviiy, and the isotrcpy of tte . 
bonding *ives it its strength- Graphite consists of hexagonal layers of sp- sites, weak y 
bonded together by van der Waals force* into a ABAB stacking sequence along the c 
ads: Conductiv^nd_strcn^h 

ails as graphite is the stable allourope of carbon, many disordered forms of carben 
"have structures based on its lattice. Tho structure of ^c-carbon and glassy carbon a.-e 
frequently classified in terms of a basal plane correlation, length and a c axis 
correlation length and table isj i^^t h^TK^^^^iure^^i^li^aalii ^ 
T=vaaorated {fcg and a-C:H d gfr» from g lassy, jsirl^iaibe^ 

semiconducting . The presence of asernkonductrngband gap is a crucial difference ar d 
their structuresare not bo easily classified. Tt is now wise to derive the structure of boi n 
materials from first principle first defining the proportion of sj>~ and ap* sites, tfcn 
their local arrangement and finally, in a-C:H. the proportion and arrangement or rt.e 
hydrogen atOTna, Summarizing the data discussed in Aetail in later sections,^ is 
rancrally believed that £ja?$y, carbon cojifeygg. anpTpyjma iej y , 100% flp — 5U»% 
Sported z~C~-l6%lp* sites, white a-C:H may comprise 30-60% hydrogen.wu h 
15c rfiap~3tt% ofThlT ca r bon sites h&^ng amnLxamfigucation> tuu.Xhis is_atron£.y 
dependent on heaktrefltment. Ion-beam d e positiPfl m_ejh _^jtfea]> lc to raiBfc .. Ll t£— 
^^gr Sn *r*p* Qlrftfl in hnrh a-.f: ,anrt n-P: HT anolnmdtfCBJiardejLainia. JlejeJaiitS lii— 
evidence for ap 1 sites in un hvrfrQ^nac^carQjtt0a, h i ir rhfiiTi is sfiffl f; cvi r 1r;nf:ft forrti iai ir 
amounts of -C^CH .groups being preset in tt-C: rj. 

These two "parameters, t he carbon^ndjn^and the_hydrogqa content, define x *e 

sh ort-range order in aino rphPu s_co.rb_ojL However, they do not entirely define ts 
structure- This is because thorc exists a substantial degrgspf medium-range order im 
tha ~ 10 A scale: the$p- si tcs of a-C tend to occur in warrJWTfc raphite layer clusters ai id 
th» sp 3 and sp 3 sites in a-G;H are somewhat segregated and clustered 

The structure of amorphous carbon is of fundamental importance for a variety of 
reasons, of particular interest here is the effect of disorder in a -a electron system. Sin ce 
the it spat es arc wcaklv boun d , thev \w clo ser to the Fermi level Eg th a n the <x stale^ _ 
(figure 2). Consequently, the filed it state^ will form the valence band and die empcy t* 
_states„wi11 form the cpnJ^tjpn.band""and so determine the sire of the gap. 

Table 1, RoonwernperfLmre conductivity (ff kT X optical jap, density and hardness Of Totms of 
diamond, graphite glassy carbon, evaporated a-C, iou*bcam depositee a-C. a id 
plasma/ion-beam deposited a-C:H. References; 1 DtSChlcrnind Brandt (1 W)t 2 M<Kre 
(1 973), 3 Jenfcins ant! Kawumura {I916) T 4 Noda ettii (1 969). $ H^er ( 1 97% 6 Fink *i d. 
(1983). 7 Sawtdes ( L S>B6X S Zelc* [1983) 9 Kf>pl Qtt « aL »nd 10 Weissmantcl <ft a/. 

(1982). 
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ABSTRACT 

or deoterStad!- spectra flf «-gro»n thermally anne. iea 

provide structural information, 

1. IHTKQOUCTICN 

5 ti»uk^ 5«2l? s It wSeart Chat'thl impact er 

i:he resulting film PJWM*£?£ " SSSn^pTasma or ion hewn 
particles arriving *t the surf*" ££l n | n 5 properties oi 

jSbS^fi-^ ?"^««!ras s&ra&S*-' 

enerflV loss /B/ spectroscopy. In the present " « d 



nfiiderabla 

Extreme 

i cations, 

1/ have . 

Clans and 

ergy of the 

deposition 

' the grow- 
the typa of 
and electron 
we analyzed 
pdlyoierlifce, 
tabulated the 
have anal y sad 

unan spectra flf 



2. EXPERIMENTAL 



Tlrns ^nara *nu ind Tow impact fi«\srgies ware 

•Sbtalnsd by tha ^^^J^^^^^^on ES r£f lection spectri «»r* 



PAGE 12/21 * RCVD AT 7/6/2004 2:37:51 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/4* DNIS:8729306 * CSID:312 427 6663 * DURATION (mm-ss):08-24 



07/06/2004 13_J_3S_J^£_11£. ,427 6663 



LADAS & PARRY 



B1013 




parameter 
or property 


&-C:H» a-C:0 
(hard) 

rangt present 
samples 


rpblymerlifcc; y J 

range present] 
samples J 


bias voltage <Y) 

qgHg or CgOs 
pressure Cra) 

impact energy £eV) 

deposit-ion rate (pffl/h) 


400 - tsoa | iooo 

1.3 - 5.S | 3-2 

50 - 200 1 
0,5 - 20 1 5.6 


aa - too f ice ; 

to - :0 | 

1 


density (<j/cnr 3 ) 

refractive index n 
optical gap UV) 
Ifc line width (can' 1 ) 


1.5 - 1-B | 1-6S 
1 ,B - 1.2 ■ Z.Q 

0.8 - t.a 1-3 

1 75 
1 


1.5 - f-B 1.55 

1.6 - 3.0 1 3.3 

' - 


CH 3 = CH Z ; CH (S) 
5P 3 : 5p^ ; sp* (2) 


a k 40 ; 60 
63 : 20 : 2 


25 : 30 t 15 
53 : *5 : 2 
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J* Fink, Th. MUUer-Helawrllng. J- PfTtUnBr, Scherer, 3. O^Mer. 

P. toicri, A. Biiben»r> and R- e. saH. Phys. Ray G30. *7i3 

5. Lin and 9. 0. feldnian, Phys. ftav ; 413 OkST 

3, 01sch1er t A- BUbfenxer. and P- KotcTU Appl. Phys. Uat^- 
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G. Herzberg "Molecular spectra and molacular striJcrure II: J™;*^ 
and Raman Spectra of polyatomic molecules", Van Ntrstrand, Princeton 

f~ R^OoTlfph. W. q. FAteW- and F- F. fcentTey, 7 Characterise 
Raman Frequency of organic Compounds", Wiley. h>w Vorfc, "Jj ^ a 
0» 0 Hummet and H, ScholT, "Atlas den Polymer- iird KunstStorr^Pilysa 
I T Polymer*: .Struktur «nd Spaktrum" , HanSer. Kuncr.en, 1978 

H. Cardan*, phys- stat. sol- (b) T16 T 463 C 1 M3 > .^ kaif tft 31 o 
B- Dischlar and G. 0randn f Industrie Oiamanten Rundschau JS, 
M9S4) * 
J* Zalet. J* Vac. Sci. Techn. A^ f 30S (1933) 

Craig and a. U- Harding:,, Thm solid FH*s i t9 |?Ln 
J. H. RSuiaud, A, ObeHin and C, Bcny-Bassai,"rh1ii Sol. Fil*r Wi* 

11 w!da!V J- Gacii and S. A. Sol in, J. Non-Crys Sol 35 & 55, 

D-^eenttnl J. Silverman, ft- Lynda and W- R- Andor ;on, **iy«- 
530 , 370 (19B4); and references therein 

Table is Comparison 'of hard and p.olymerHke carbon films with respect co 
plasta* deposition parameters and physical p-apertfas. 
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pr^Siocaaa thin film, and revi^ and evaluate vario^ technic fcr charrictcnzing rt> thm- 
fitaproperdes* 
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|, INTRODUCTION 

Alt^ue^ ihitk-film media have not been a* wJtelp used in 
computer Hard difits for date stofttffc as particulate media, 
the potential advantages of than films ia achieving h^h-den- 
^ittoardmftinakeifcwQ^w^^ 
oi pfoUcAUL BveatpaTly they w expect** to replace the 
partiuulalB sytUrex &s the primary m*dia far magnetic re- 
cotdloe-^Hcnrtvef. iacDjuroi with the particulate syrem* 
film medfe always xequltc avtiroaata -wear and corxoaiori 
protection o» wdl as uutdoriayers for nuckuttofe adh™ m» 
and magnetic properties conmSI,* Tbc overcoats arc saica- 
tui for reliable maraoxy atora» beccmse hcaa-disfc contact 
pecv** ittt««ahww5ly m4 whim th» dxiva starts and iWpa- 
Wlthout M war,f eajsmnt. WfcgcOftl. flfCaX between tht bead 
and iwliei cti land «o rcwibeck signikl amplitude low ^ith 
usa orown wiastrophic damage to the jnagnctio dink, Morc- 
over, ™+n<-" fa&fi^-tu-medhuft spttfog & tofitt&i&ry for 
StttetiOZ the hi^h*r sftwapp dien^dea P 'bat the lowering t>f 
tiiohead flying b«ighr inert b3«J risk of Ir^ad-drtV; intOTi> 
dott- Therefore H Is often stated that ottolosy Has becorcB 
^miDAfit important feefcor i* tt^ ftit^rc deyc3npm«ii of mag- 
jMtia ^coriiing disk drives.* In aMct TO operate the flytag 
h wd at lower attbmicrcm jpocin^s, it *i aaaawsr to develop 
new technology to solve tin: wear problem. 

TJpUfce the jraxticTilalB media hi whkfo the wear protQem 
Jijik bean «alvttd by tbfi incorpo>TBii«m of hard pattida into 
the magDalc co»0a& 4 cgwt^aoas prora^vo «v»n^»t 
required for thin^lm media. This ovcrcA at should he *s thin 

3207 il. VBiLSoUTDchnoL A 9 (BV Nov/Pbq »7a4-2lai/W r /QP32«7-28KI1 i 0O 



ps possibly resist wear by thu hea^ havn tow static a»rd dy- 
namic friction 6oe(5cii5ii»s with tht> httil, wid protect the 
tnodlum asaiaat fionrowon. Oot ofthetn^i p promisng oandt- 
ilalcfi for wc5i ovcxoojit cvirouKy bemg txplored is a ha^d 

carbon 3,5,4 

The multilayer sfrxaure of metaUnti^ &$V& has intro- 
dnwd ncv trtoologksa pmhleais in the h. ad-WdKua tttef» 
fzca* In order to sotve than prcblcsni C j csociated wlh the 
Oevelopmrnrt *5f it^ls^if xhfi-art «Jiala Fcr <sompuTsr menw 
ory) a baric understanding of the stiu^l «re of overcoating 
carteA filni« ts cmdaHy impctftant. 

I!. CARBON MATERIAL 

Carbon occuis widely in Us eleraeattl fom» «a crysCalline 
and aiAOfphouc Killda, Diamood and s 1 n phlt£: ara the two 
rrygtaV^T p»lk» tropes of carboru Tbc diaj uond crystal swu«- 
mr9 is ftce^centtfcd cubio with Uuer?i tomic distance* of 
tim.* Eacii atom is «ovalef>tly bciadcd to four atbtr 
94tbon Cy 3 totfragonfti bo^as). The structure of 

graphite is ctescnbwi w layers of cartor atum* with strotis 
trigwul bonds (^p 3 ) with an toT«atoBaSa distance cf 0,1415 
nminthebi^pIaj^Tban?iiith^^ 
forms % weak hood of dteVradwWaala-ypo between planw 
and accounts fomteh pcoperti^fl of crap his* ■« good efccwi* 
rtii conductivity, lubtioicy, lower density , a axayish-fclack ap- 
pcBr a wa *v and fiof^idss, whioh ore ttt coi Xteen to the proper* 
Ixqo of dlssuoUda 

Carbon also exists ft muofirons amof phpxia taa, wldfife 
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tan be characterized a* degenerate or imperfect erapHitk 
SUW HireB, i-C, the layer pjaiWft Bice Wt Oriented wiih rwp<OT 
to their cosnmon tfca angular displacement of layers is 
rflXMiom, and thr.Iayecs overtop one another bTeffnlaity. 7 Fen 
InAWnce, x^di&i«^iifttteti»ofcart»Oft black two 
or three diffuse rings similar to the more Intense rmg» of 
rjaruial graphite, mrficatina; that only s*OT*-ifttfse order cx- 
tsrein the amorphous mrbnri. Neutron and x-ray difljacdoa 
data ahow the predominately iHfional coordination in amor- 
phous carbon/ 

IIL PREPARATION AND PROPERTIES OF CARBON 
THIN riLMS 

Interest in depositing thin films ofdlamDJui b&S boe« rootj- 
vatcd by the unique pfopertt** rf this matcibl a*d the de- 
mand of modem technologies, especially thn£e offloeiatad 
with dn^elopmeno in the dectrordc industry. These proper- 
ties include extreme h""*"**^ ^'hmlnfll inc rtnesBj, high elec- 
trical nativity. high dielectric strength, optical transparen- 
cy, dod high thermal conductivity. Msresnrdmp the earlier 
attempts to deposit ttaoflortd film* epilatfAlly on diamond, 
thefcnst diamandHke film* me deposited by abeam of car- 
bon ic&s produced in an wBon plasma as reported by Alsoa* 
berg *ttd Chafeot» g and later confirmed by Spencer tt <*l™ 
Tliett carbon, films are distinguished by & change from soli 
o&rbon deposits to eou*priona!ly hard filiris as their resistiv- 
ity rises from 0.1 to I0 ,a A cm and their optical properties, 
©hMlEefoan those.of JEW*** «0 those nfa di ele c tr ic." Haw- 

evw; later research revealed chat the prevailing atomic ex- 
rungfcrncnt iii these films is amorphous or qnasiamorphons 
Mrith small crystallite* whoso structures ore yet to he identi- 
fied uneqiarvocally. It is noteworthy that in recent works, 
diamond paxtfclo** and diamond films," w 4 including amor- 
pr)OU5 carbon, are reported w baye been formed by chemical 
vapor deposition CCVD). 

PollowblB the first »w*rks> «veral alternative techwnmcs 
hare been developed f™ producing this, unusual carbon film, 
ThcYftriott*me*I«Kfelnotttde (I) aprimary Ion beam dej»- 
sJUoil of carbon Ions with fiattgLes in excess of 40 «V. (2) 
sputter deposition of carbon Ainu -with or without bombdfd^ 
m«it by an intense flu* of ions with energies or the order of t 
keV, (3) toy Opposition from an rfplasm*, sustained in fey- 
drooattMm fcaat*, onto substrate* negatively biased by about 
10Q cVi and <4) by Ion beam plating of bBozeae or other 
liydrocarbon* At. acceleration volta@s» of iOO to 1O0O V, 1 * 1 * 
Whereas pJaJEma-assiated CVD, Lc, method (3) and ion 
pUtiriQ, niethod (4), have been mostly used to deposit bard 
carbon In honrtcoxdias applications, in recording applica- 
rioTuapunerfogt mothod (21 feTnofitdeStrablofbrhigh^vol- 
(iTne processing. 

The basic process that remits in canon fihma with the 
required Unique propertied invOrves electric ehargit {ion^. 
cteetrona) Ux tuecryna]U«aiiea nslng bembo«i- 

mcnt by cacx^EbD Ions, on ifre stih$OTata dvtrba^ deposition, 
Oeoaose of the essential role of these ions in all the prepara- 
^/tion meUiods hasbf^n proposed a« a £enfcrie ton fbx 
this nmoxpbettft aiatnoRdUke curboc* ClM-C^" a dc&iEflA~ 

don &^mibr to rr-Si for amonihous sQicoiu 

Thennodynamkaliy* diamond is in a metastabto state of 



equi Librium at AtroospbeHo pressure and room t^peraxuTA. 
Thexeforep ^yothedc; as wdl as narnnd P i liamonds Typically 
are formed qnjy under otntme eoodlbtcos of x^casore aad. 
lemperHttire. In oxdar Co interpret the for rn&£ion of mctastar 
blestructures. includmBiriiorocry Btal^te i of diamond in i-C 
fihn& as observed by SOlno ftwhow, 1 *"'' ' tho ooourrence of 
tempcratuio and pressure &pike$ ax the i astant of ion bortr* 
bardment has beea proposed &* taking plaoa on the depo- 
sition suriatfs 17 - 1 * bn$ed on the concspx* of Seirx and 
Koehler/* For ionfl with an energy of 1 0 3 eV, the calculated 
temperature and pressors spikes are sm least 3823 K and 
W 10 ?a ( Ux lf^ atm), respective ty, overa lime peri- 
od of 7X10 " ,l St which Jaloiag compare A -with thevabrauon 
period of 2.6 X J6" u s obtained from the Debyo lenQperature 
or diamond. Ttos sufi^ests that &diamoo 3 nucleus of about i 
am may be formed by the thermal agib ttiaa and the shock 
wave aetLOmpasiyuig the Ion impbiscm ent cm the fnrtace* 
Therefore, dutfn£ f-C deposition the c arbon atoms raleht 
combine at tha aurface to form all pos&i blc comb ina ti np* of 
$p*. aud4^ bonds, rlexftfionat sraph xb would ba formed 
With p)biw sp 1 bondfit whereas tcirahc }ral bondlnf tc- 
suits m the for motion of cubro dxaznon< 1. FurtherniOT^ the 
preScixv&CioTL of those cathor mctaStableai tomic arran^metrta 
ia vno>rstMidablobee9use of the cxtrcn »oly hie^ queAdhmg 
rateft associated with the rapid collapsi . Of the spikrf- Barb 
atamfe agiration and mpid quenching accomponyuifl the 
cOAdeosatton of energetic species arc I nportant to the un* 
deratanoine of the n on equilibrium proc s« of /-C deposition. 
To render the cooUng pococess rapid w- ough to prevent the 
tran^nnaCian of zneras cable phases int a graphite, a **a«i v# 
pulsed pSasma CRPP> was used in prep &rario*> of t-CS* TTic 
essential feature of the method is a. hott) ogeneOUS nudearioq 
on carbon Sons in the aas phase ^hk*i al' oWS carbon nuclei erf* 
cry* taUlzation to be formed with struct) ires charaoterizodby 
an Inereased energy of eleotron conflgu k -aticn. fc< The nuclei** 
tlon of ions riAa to thcxtncdynsP lie condition* corre- 
sponding to the pr#B3vro-tBcnp srarore rc^ijue In which dia- 
mond ifi stable. Finally, awing to tho very high speed of 
elwtrodynaniio c3Cpajd£ion oftheplaaro: i generated i« a coax- 
ial acoelerator« the RPP rnferhod perm! is the CCySl^UlZMkm 
ptDducts to remain In ihelr metftsbibli . pbaae state ^oth an 
increased interjial energy. 

Anofher aspect of impwtnricela the: imultoneoris dioOU- 
tiori procefia due to Ion etching. ° This ] t -»ier1al removal pro- 
ces9)s 'beltevot to be done mainly by As Sotta. 21 This results In 
|irAfj^cntiaI removal of the less tightly bonded carbon and 
gas atoms, leading to The buildup of th oae atoms bavins the 
strongest bonds. Thus the siraullbnec us ion beam gtcbirig 
p^Ccss also bos profound affects on ie final StXtetuxc ay] 

properties of^C fihns. AS a result ofzri nultencoua erjergetio 
impacts Of Cttrbon. ione and spMoexed Bpectes r a smaU frac- 
tion of fh« catbon ean form mkroery d*JECes of matas table 
phases iu depashvd fibns whioH are abwofit totally amor" 
phous* 

Ofi die other hand* the radiation d ftmagtf caused by ixa* 
nin$ln0 encrEctio species muss be expeo^ to nntw certain 
ffltO propertK*, and a» upper Jhttk of t it nieanparlicl* ener- 
gy ia set by the critical value aboro & rich rcaputterlng prc- 
dOinlnnttf over conde^ksaziou. Fof cy» nple, whereas the car- 
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i fftfvim Ch*fM»rtartkm <rf dtenv**dra» carbon fUm* 



3Z& H-'tolmndP.n-BosyiertUcll 

Sn ttrt ton energy ^ values on the order of 1 *cV ramta 

Hnr4 and ofdark Wnbh aafcr, irt^^^ic^ir^- 
pa r«* up to 3 >im in Tb«**«B ~ otae^d wh*A 
voliaaes were applied. 21 TUcw varia*ws in the fflin P^P«> 
iiS^i fncssfSa* i«n energy to interpreted by the as- 
sumption thai the defects caused** ta^gfe* er*etic apt- 
coo aselonicnrte to fa™ S^T^Ho 
The cto of cobcmbardmfim erf ^^p^ticl^ 

ertiea p**pAr*d by various mtt&Ods «nd at different co«»- 
tiar^- ThTairiorphoiis carbc* films prepared by vacuum 

hftuvUvm Or* visible twxd ultraviolet ■* It 
^tatter* ft Wgl* de»w<y of g-f to ^pcrattfl 

^^ipaAdlow^dcn^w of gap «w« a*e* r^of** 

bo» «fevemt4 tkft dcyck^ioent of «■ csewnded fiWWe 
stature with thr«tol<* eacrdinAtioru^ Ttexefcxe, the efc©- 



thfirso d©«aiip03itton of^ctylenftb u; i to 13 or ders of mftfr- 

for <hD car** film* produced 
Ioib with tntr&t* to thfr «m»o of 40 to 100 ©V, 
energy earten^b^dcp^H^^^ 1 but 
far £c carbon film* formed by isputB * depcahwn. be- 
tho M tabopt io«* :> cfsp^^d^ 
For the pmrpoeo aTa cotnpl&tt *w trpans^ offilmprop- 
erti» between condensation dT t»boi \ Km* and pputwrd*- 
wRftlon, various properties owerved by diflfcrwrt nniKtirfi 
W 5iimm«fetd In Ttblc I. It is den* that tbe pjopextiw aT 
carbon film* bx» «tt*dy wJatcd to tlia preparatirm rf- 
tioas, e.g-, the Mgber ion eawrfiy had; to more diaroOOdlflce 

Pr ^ 1 r aftt!onshlj > bitrtfteft lUm prcr retries and d^osltinn \/ 
conditions ^>mes more cmpihto^ d the icost stu&cA 
mttkOd ror /-C samymqmiatioo, vi^ d«sain>asraon osny- 
arocarboii fin* ift-s. ^cw dischai^ b<5 auisthycfcoe^ 15 ^ 
provided to t&fi growing laycro. Th5& a ugeeato that wt Iwiflb 
cocrfilcs «ho formation of &om» Hud af polymer may bt«- 
pe<^a- a, With hwrowrfne ion , the erfmt of c™i^fi 

Of tho hydrtioaxbort Bpec^ inc»«isea tmtn flnally ^allxhaliy- 
drosen tnaV bfc stripped off as n result of energetic nr4*Cte* 
sin^The C-c bondstrmam C0O7 tr/mai) is er^tw than 



j L fiuntRlAry Of film proparriea pcepsmS Vjr i 



1 Uom SPUFff itepc^ida 



Source of 



Dainty 



icfiistivity 



pT0peitlCE 



bicrtucss 



Ottdei&itioii 

afc^Tbcn 

idi»ti^ 

dcpOEidoiLl 



Carbon ki 



40-100 



SD-1W 



>1Q" 



RBftVCljVfl 



»~2 



cHF 
fM40h; 



Specter 



Cbiban 



1-20 



3.1-3.2 



>to» 



frwitnhliWCTO,! 
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accumulate an tha substrate While hydrogen uk°ms *"= 
, ^Ju^p^, concentrator bi lie film is only a fi*v pefCinl 

Ite^ec oL or vwy weak, idv^fconbtodsto C>Hb°rt*t« 

L tnuab. as as afc % BE ibnnd W the Rv*«rf«d 

^ films.* This group ott-C films is looady called 

!^«ph™ carbon fllm* <~C=H>. fTf^S^ 
pelvic CArtoMo-CH.) films prn^c^at miroii^m- 

^ Ion 0Mr gy range ofs«v«al hundred ejeatfon vote. 

The application Of *lA*H*8**arBe decomposition to £C 

ten TdCTdeped rigidly tfnee. The M cfflfcSO 
nutnber of tecfcaoloislcal fields has been c^kkred, >s-eoh as lor 

toneetica comings, proc^tive c^Ungs or ^ 

BtfpUeiitions. However, fttelniporranita r«rvi«rt>nofty mum 

^rS^ of »C w« fcond - 
marfnran laKtaHB .am. bo achieved." Thia md,cata the 

? eSreai with inereartr* Thfcaay «* b- 
WSeted faitcrroi of the change of hydrogen ooiwentration- 
Ii vTas found by nuclear re*oricm analysis lilt the hydr^E™ 
eonttnt in f-C films decroaws vi* Jjicteasme K nata TO 
V ""ttwais© known that resistivity is lnc«ax«l profoundly 
bv hydrogen/* beofluws tb« ratio of ftrorfbld to tWcfold co- 
ordinated atoms morcKes when »o« hydros*" » 

ft* f-C film. Cite Mb/ ^^J 00 ^! 
^ carbon, graphite, baa a »ro energy tap, wherea* 
dlmnwd wi«b tie Mly fourfold eeoidiiuitkai lias a 3 jWV 

™Th*!^rW opb <rf th* many cotnpBcatino* ^"f* 
Jic proves of fayarose* in M2 film*. Thus, the « 
aotid-arau stntennea *ad propertieB of hydrosenawa r " l - ; 
fOma, < Llth£a 3B a costing predoounaatly of carbon, ^Pf"? 
to be Jt»OTO diverse Chan Sbs port eaflxm material whldl 81- 
a wide r«i^ of prt.p«d=i by tho «lnWne cap»- 
WHty of Us »tmw to Sam cnnhis, rings, OTcumbnvrtiDiia or 
flUtocac (mttenu wWcioonstitttte UwframewoA of tnc vn- 

^?iiftaSSttBS*«»iM>ietl»t*CSJiiia calnnUiaTnaneW low 
/alxiEj for tio aicSon «oeffld=«i: M decrease* ftoiu. a9 to 
a04*^lo*«yoJ«*b«w^»tCd»Aw»*«^ta^iwd 

^snbk^ diamo "d cy«pt that the ^ o£ dUftKaJ against pol- 



ished 6 tealdoes Bfit shew a aiMtod d«J S^^f" SSS£ 
humidity of Jiealy 10096." For coop ,t ? so ^ the ^,^*T 

* AlthoQ&h typical hydtOBeaaied Alms are cbftracto> 
,m lD i»ji c,*') ^e)aTemebardi»<iBi.tlje*BptJrtedvaiiiea 

IV among different authors- Tl>« KjiiophardnpM ofcM ^« 
fics deposited tw>m t>cm«w vapor in a. rf pla^na rin^a 
bctwc^O and 1 650 k*W » 
Infl^eAC* of t3« wbsl^ k tlinrin^tc J- 44 The Vtck«aW- 

D«ttpladBafr«nb«iz^a™=tfl., ^n^ 0 f33»to5TO 
j£g/n«P a . corresponding to > masftnum hardneaa Of 9A 

tSi^ ^p^rphoos carbon ^*^ ta ?; 
Tb= m: fitaa impervious to k^ct^ *l«chdta =>J W. 

were fc^forfciiij^wairi showed «> 

V ^S^S - Kt^ co th^ 

cfdfemoiKf »lMB*band. W 8anfc»diicTorl ttan those of 

STlL ta« E«P b fa"^^ to a -f*^^^ 
guam the film* to beceoM facramnely transparent, ine 

^r^d.atactori.tjo proper** <f hyirogfi^d carb™ 
IT The nytfroRoi cement of tie fito- b. wbico varies m a ^fc 

^carbon sa, a t tow P"*^ ^ '^b^S^ 
cosWMienU of the frwnwnied by irocareon l»* 

dl teot iatiiHibott i £i the em pfc^ai idfromionimp*** Aa 
sutemte is Insidficlcatu) break all &-H brtda. A polymer 
fltoi, a^rdingly foirnBd As the if awcr^Bt«c«^ib= 
ruDEarc Of OH twndssmd spllttei taR of hyd rosea become 
CTSty .nhan^d. The *yd^=, ^ reroal ""»S™ ii t ^- 
bon films »»y amply burylBttoiiM state- Inodwr wwdX 
the hydrogen taay bf preset* m » konnd ai^ mi nriU«iad 
W -The Mount ofcherofcalty b w<1 cd hydrogen asto 
tnmed by IR SpcctrtBcepy ia focil, I to be less ibau the total 

oombostient analysis.* 1 The nttwc * of unbound or chento- 
sorbed hydrogen on «-OH film* to t^ *t«*«raod by 
duTc«at5al.^iiwca1orimrt«y<C>Se). a *Iii »noihera»dy 
or 0 ^H films, flto absohrt* hydfoeoft oon«ntr a uon w 
loimd to be as hieh at 47 at. % b-j pttilOn B P cctto ^ 
„y. Bovevcr, btsauas of ft* aaoe nainties Ja ««• * h *?P™? 
data the ftartton rfboun* hydros en »«« not detaroin^. 
In regard to structure, thcl^dr: gen igcqf poratcdin tbo a- 

Boorf the carhon atoms by b«Jp)«stt mMB*> 
courdliaUDa (oji» bouding) of tfet carbon atonvi. which » 
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n.T*d w»* D. B-Boilrt ertttc*! RwWQwltfwlaO*" oldtonanmkmCMlbCMi film* 



Optical 



rai^tvlv £ o ob> Hydrogen Cftfttcwt 



jrmb<^ro*rCH. * Ax 1.1 

if pta»* 0*1* 8 CH^ 
CaHrft propMTMt. propylene 

C^Ha to*4*iiiow 1,2-1.3 

in an Ar-C^j pW 

AJTftitt iff tfo* akchniB"* 1.55 

A4t^cnalaarf«10W It7 
discharge 

VBtiousttydmeaibaaft > -9-3*0 
in m rfsW dbchuKB" 

dc Ion dft&oOippritffiV >2.0 

bownc, namlfcac ■)! 00-250 oV 

at iort an* eotttia 
<A>£50oV 
(B>B00«V 

C^H» in * cto glow dbcbarge*' 



CK« In ado Rkrw tfvehtiBE* 
vapor deponuM. wkk a 



Optica* ftPR. > 10- 
(dual beam CL14) <*3*K>*) 



ID" 

1.15-3,0 >llT 



£^ mm 7-1 



EUftsctfra 
indices at 
A -546-1 nm 



van 



ia«u.itt M 



TMrmnl 
ccndnctirtiy 



,10" 



H/C-1J) 



oazbaa ooattnt 



h«a hi Btf«teh mode 



kf /mm 2 (HV«IK) 



SlflOHY 
3 



1:^0 HSC 



I' 00-2700 HV 



» 1O0O0HV 



3 31. 



1 wtrttm 14. 
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Nortb-^Moa. 



K xe&OBTRUttrURES OF HY&ROGEWrfEO AMDfct'JJOUS tiAOfiGN FlUfS PBfaPARED BV OF PL> 3«A CVP 

Dept. ot T^hnolo^/i AictU Up I varsity of education, Hiioawa, I soya v Kfcrjya, Alchl 449 ■ 



Carbon { a- 



Elydrotfonatud ^HiTphDm Carbon {a-CiHl films 
alcrostriicturgg dii* to Che aUbatratG bj 
4 Baton spectroscopy and alllpsfta 



.wtrudtuptf toitAirtlpg ^CH. -gpritftfrfttlon^ .Uwn iHor e«Miing is ar>q to hydro gen -eontmT 

^^wgpp^g**^*. acreage* and t)i» jftrucfore caa» ;c*,~b* f in&^j^T^ir^ ^i^ ^aq S ud il^reaef 



a*a prepared bp rf pitta** cVp and changes in ttieir 

JUS (Ve) aod toaperatum (Ts) ttava bean lAVdstj gated *>y T3M T 
AfeXJW- Waen Vst itgfnmtB to goal ill thg_«lbgth*te eurpfcnt 
teagfiQ V, tod tj»» 9 Wi,m. : - — . f fcr^L-a:i...fr 
deposited at ldver TsSHg 1 



i™ lis/ IUIY« EH 



Cobs Idarable attention baa b*£T) paid to hydro- 
gcjiated ftm'pVjM oarbofl farGsH) filas. The? 
Minn are fabriaated by. various pla*eui CVD 
technique, and their structure* and propertied 
pj>e rAtaaricably different with xho dy position 

jtfiiS r^i^r ^ enrfn? ocW Jftjukd^ when YfuJs 



^jpQfefl£^_and W»e bop act ofTne Tolali Tp eci es wit 
Kitp pressed oy allrainaied. The stmcturt of a-CiCl 
alscr apparently tf»ith positive? Vs. Oar previous 
resuln have shown that th« micro* trucrara of a- 
SifH films prepared by son plating tothnj^wc 
raxui'leabjy change from aaiorpliotis id 

•jfiScroCry&iallsJXe wb.cn Vs Is ^aagctf £rOm 
nefatEv^ to jiositivc^^ 

While 1 in cnjitrttot Us tetrnhedraaij- C*F^ ) 
bandedL a 11 icon t"h» a-8l-H^ tTio carbon atom 
in tha rt-CsU film arc bonded uiafe tbrte dlffar*- 

theif %iybPid conf igu ration Farthcrmu-a * re^- 
Aiooa atotalo hydrnn^en produced by th«- 

diacW-»t and che dapoa£fc4 «n the Habst^ato 
. affect tha ntrUctur* of tha flips* Tlttse raftO- 
tlonB eliminate th« vevtt bonds ill th£ f >inH k and 
are acealsira^lfd by tha snbatrate to»PGrai\jro 

tbea *t c^i bo een^idC^e<l tlM.t the 0 Cruet ore 
of the a-&B f^iaagei by both Ta. rn thLs 



pa^erg u no}fi« cheats Vitrw points dew, a-<:& 
rllw> are QTDpafvd fc;r pr plASBA CVP t4«b«&qtfc 
and change e 1b thei* al oro*t ru Ct-u r due to Vo 
atod To ha-fc bo«n itrrea tigjttcd- 



2. SXr^KtHEflTAL 

In the pr«saAt **tw»r»ii 
Hhbm *f CR< dilated 
rf cdU vlllch Id itldoi 
powar sourco »t ,1?.! 
turiSzitan lo Jfrloo^d bvl 
rl c&ii iji ordfir to 
tenpor&turs of ths SUl 
bjr therooeowl** ^ 
Ch tbifr RUbtftl-utc. The 



f plaava Cvp a>7^t«i tilled 
&a oliovn in Plfl- 1- 
w+tb Ha 1b ^rodilc^fl Around 
tlvely ecmpled t» th*- 
A HHe* Tbe fllamenc Of 
^ eon tha tab 3 1 rat • and tba 
Jtaab tbe buhatra'ta- TSto 
«^ralv (Ta) Vas aoaeurBd 
contact with the mirfaca 
substrate oX about &4otf* 




Fll 3UBB 1 



•PHtcnt addf*^si Dept. «r PleutrJLqiU aatf CoOPutar Ensln««riiis» Nacnyo. insiiLtutts ct Technology , 
wacoyaj Aichi 466, JaPA£» 
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1»7 



heir 
*, 
Dt 

►b> 



To 



|j|iaait 
1* 

(ltd 

; 

-Ths 
fate 



in «reB. **a biaa*d V k ^ dc bin* SUPtrtyi «fl 
ttm «urr*tit ©r It (Tat) was eontr&Hed by 

Aftfcr th« eiHUsb** was jore-f»*acu».*cd W laa6 
10-* by A turbo noieculur pUBfe, the 
falXtu** «f CH*-M» gasea* wbare the ratio of 
CfiU/(H*+CBi) jlt* 10 X, was bst^duc^ 10 tlw* 
nysten* *h* ffr* f 1»* r*U« and t*t-l nrea*»r» 
$ during tia deposition Mare %Q «cea\ and 2.2 Pa., 
respectively, fljlig»Ti ratecs, « thw 

' *mbu brute for -fiiie n^wurwwtntm of ,TJ-Ifrra 
elLil»04SOt*y akxil EUftAA opeevroscopr* So*d1b* 
g l,s«rvad by TEH wet* fUpodit^d *n fcbi* ftlimlmm 
rmbaW*taa, otvd ttoe*x t*«j Wcrw a-nui»ted on tH* 
■sapper grids attc* &lQ+e>lTiu& ttie qnliotrate* in 
sod ids hydroxide AoXu^ioq. 

line of Ar laa laa*r, *n<* the hea* v&» eafideofttd 
bo 1 M> Lb dia»ar*r to a?raid oont op luted 
port.lfM3un on the s&apL#»- 0»t}.eal cob*t*i>* {nM 
of tow tllmC »*^* e»lerwlAt&i *ro» t*« 
ellipEfl^otFlc DDumreve&l nainc G3£,fr pA lin* of 
Be- No L«34tr» 

3, AND DISCUSSION 

When V» increased to positive direction, l» 
increased nteevOv at Around Vb^2S0 V i la=&0, 
lad and £80 *A At Vs^=23(J r Q80 and 300 V, 
respectively* T2i6 structure of tha filwu wut 
renarkAbly *.rfeet*d by 1* rather than Vs, an 
,aho**ri hera*? ber< 

Flffur* i sbaw? ttiu infrared ^ahKorot I Gn 6pec- 
'^rrB ^.ftp^fc^ijitfL^lft^^-wh^ V**!*) ana 

>Fa ant enaopad. Jlw band* _dfr* 

■ -wtrefcohtnp Vlhr^«o ™» C- W bondae 

r*DOfted by »t athler eb «Jl-- am also *how» In 




7r<xnniil93ion eleptroft oicrOgraph tit* fU» 




34 OO 9200 3O10 2900 



Ft-IB i^trA of thE film* wfefci T*(Ja) M 
Ar « chans« d 03 fallows ► ^ 
(to) VS^230 V la^i-Sg^BA, ^ 




1800 1403 isaa 



FXCCQfi 4 

slid T* Hk^ ^<M«Ad a* fwll^wJ'- _ 
(\>) YS»Z6D V t 1»=I50 M, Tub MO 0 
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p^ fir a„ T^a jp* C-H absawtlona , ard | dominant** 

tiT» Jlt^ cUpjt_^_s)l^,bi3L.i*JA. CW-^UH*)- The 
nbuorptiro ip iwra Artistic ully d««*a** 4.u«» to 
the increase of Ta aa tattovn Wr If) and (d). 
V/ Tbeite results slww tbaL hydrogen atom* 
* siatLvg IW C-R bonds in Urn fll» ^ a •rtraetfcd: 

by a-t-LaoVLTVfl atemig Hydro^cna tfuj-imj the deposit 
tion «» knowik thi* traction is *n- 

hBScreif by the incKAtt of Vba(ls) Aiwl Ta» ^ 

CorrespaadlR* to tha doeyaas* *f th* . 
nbwrptioa. ^^^tryytu^c pbfigfcfgd TfiM_ 

jh*^ ri^ ^tto^^in rfrg-ifc-Hka., figure 3 
teft ^ Klc*-utfrapt» observed by TEM often 
Vs(I») and Ta are SOD V (ZBU »A> *n<* 10<T C, 
respectively. Mlcr*>-sralno observed: i» this »i- 
anttrn&h wsefcr when the Ta flboGrptiun shwn 
In £1*. 2 aijiiniahea *t blgfcer YaCIa) utd Ts. 

PifiUT« 4 uhaKd &anan spectra *r Lh» fllao 
vtmn vs(Ib) *a4 T-i AM ehuAtfod, with infcreatfl** 
fa, *» fthowa by 1*0 aad (b)i And Va(In). ft* 
shown by (b) «*d f cj , ft f*:nk «b around 15S0 co* 1 
comea bo be clear, rfv* * fcroa4 P*ak at aroun* 
1250 an" 1 appea*0>. It. has been reported that 
thaM tva &aafca Ato oanBidnved to originate Ikion 
carbon eluat*** vlth aa sp* conf 5.aur*fe>oiu B * » 
nod relative intensity of MOD on" 1 P AflJt 

AAHlttst tho lfiflO tan- 1 peak tnCM4*cjs wltb in- 
th« crystallite size.**" .TTifn^ thn 

- tu g films _cofltaSo «w* 




IJlt*J MVCphou* carbon .Onitf 



'-.efcfmlque and the 
i:s due to Vft(la) and. 



..aiywTit rpfrwU? *m>mftat 



^l^t^- juid.iWeii- Blgafl ^nCrgasT <*^tb . 

Zabl^ I ihw* ref^aetivB index Ca) and absorp- 
tion indeic (lc) flbp*ln&d by the anawreiwat of 
tie ellitt&omelr*. Tha P k lac poo,** <*ilh 

iocr«a»iTirf la Wftd Ta- lnHpe ? 3 ?" ^f .- ^ft Sa 

pn? eoaport^tvfc -- 1 1 chi^ result la coTk*Lfitent 

wiib &bQV* r«BiilLB- 



Refraotlve index n and ib»otptl<OT * 
d^tCTa&ned Vy ellipooadtry- 





1 WO 


io or o 




" 1 ' 








+aqflV/£aaKjL 





4. C0KCLUSI0W3 

pai^d hr p^aona CVS 
erf ttwir ttlw^BtrnCtUrr:: 
invest ifiA-tdd- 

nbruct^ir^ of tlW; , homogoneova and n 

tiw ap^C-H «>nf ianiyck-«;ifc«iq^ Wb*o Va(Ts) »itd 
Increase, cbe C-H bonis decrease dua to thej 
*rcaet-igna_ witb tho atonic kydrOQCna during th«| 
djefi^albioni afld bH^_ tl J coneA to eonl^O,1» /infr j 

grala-lik» qtructurra c hi elated with . 

•t "icroiStftoCttarari du« t« j 




the lncraa&e dC Vb(1^ 
Index - <kl. 



t and Ta raault la the'» 
|.nd«x (n) and abgupptioal 



Tb» author^ vould lik* cxpraaa ai»cer» . 

thaiileA t« Pr*f- 3. >Jamtio of »aa*ya tuanitbtc »t 
T«chnolP«y hia hcXpful discuattloiia and 

Support, i 

\* A. BUb^nzer. B- DiatJUafr-. G* »raggt tod F. 
KoS41> ff- appl.ifeys- W £1383) 

J.H. Row. fit-. Btiicbfltr i™* 1 fl *" 

Blschler. J* AS«il. ?hy*. BS (19B9) 3914, 

Apc»l* thya. 25 tlSEi) 7T$. 

Vi. B. Plscta^r. A# Bull jjajsor anrj P. Koidl. Snlld 
State Cowun* 49 (1^33) 

An^n, Phys- ae-j. B3p <19B4) 870. 



6. H k tuatein&r anil J. WAgn*r> A»pl- P^- 
7- M» ^ut;kn«v p C, K,taffiti u, iHbida ana A-' 

tt.B- fihpDda*^ J. v <Cb 3ci, T^chnol. afi <1S«BJ 
1733- 

OS9I) Mas, 

Crr«- SolisiA, 35 * 36 (1980) 5*3. 
11. P.tf- Bfclthr J- Ap>l- Phyft. S5 (l394> T64. 
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